Infant feeding is a well-established topic of interest in obesity research, yet few studies have focused on contributions of nonmaternal caregivers (NMCs)-such as fathers, grandparents, and daycare providers-to infant feeding. Data from the Infant Care, Feeding and Risk of Obesity Project in North Carolina were used to investigate (a) which factors were associated with NMC feeding styles and (b) how NMCs' and mothers' feeding styles compared. Multivariate regression models utilizing random effects were used to analyse data from 108 NMCs who were identified by mothers as being heavily involved in infant feeding. Feeding styles were measured using the Infant Feeding Style Questionnaire. Several individual characteristics were important.
Parental control has been found to have complex associations with child body mass index (BMI) scores (Lloyd, Lubans, Plotnikoff, Collins, & Morgan, 2014; Vollmer, Adamsons, Foster, & Mobley, 2015) that highlight the importance of understanding more clearly the role feeding styles play in child development. Defined here as encompassing caregivers' beliefs and practices, feeding styles have been identified as both responses to and influences of infant and child weight status (Jansen et al., 2014; Thompson, Adair, & Bentley, 2013b) . Although long-term associations between infant feeding styles and growth outcomes have not been investigated thoroughly, some research has shown that feeding styles develop in infancy and can remain stable as children age (Blissett & Farrow, 2007; Duke, Bryson, Hammer, & Agras, 2004) . It is important to understand how these feeding styles develop.
The vast majority of infant feeding research focuses on mothers and their children. Although mothers often are the primary caretakers responsible for feeding, nonmaternal caregivers (NMCs), such as fathers, grandmothers, and daycare providers, are frequently involved and are underrepresented in research. Given the literature that mothers' feeding styles are important and often have room for improvement, feeding styles of other caregivers who are heavily involved in feeding infants may also be important to understand.
Fathers are among the most involved NMCs and report sharing the responsibility of feeding their children far more often than not (Khandpur, Blaine, Fisher, & Davison, 2014; Mallan et al., 2013; Wasser et al., 2013) , and one study found that emotional overeating was associated with higher child BMI z-scores when fathers reported higher restriction (Vollmer et al., 2015) . However, there is little research dedicated to understanding how they feed their infants.
Grandmothers are frequently cited as important advisors when it comes to infants' and children's nutrition (Aubel, 2012; Bentley, Gavin, Black, & Teti, 1999; Wasser et al., 2013) , but their direct involvement in infant feeding is not well characterized. Finally, nearly one third of children under the age of five are in care provided by a nonrelative (Laughlin, 2013) . Despite evidence that childcare providers can impact children's nutritional intake (Hughes et al., 2007) and growth (Benjamin et al., 2009; Kim & Peterson, 2008) , the feeding styles employed by childcare providers have not been well researched.
It is important to understand how NMCs' feeding styles compare with mothers, particularly given evidence that co-parenting and intergenerational conflicts can lead to overcompensation in feeding styles, such as firm restriction of palatable foods to counterbalance a caregiver who is perceived to be more indulgent of their child's food preferences (Eli, Howell, Fisher, & Nowicka, 2016; . Although one study has shown that maternal and paternal controlling and monitoring feeding styles may be correlated, there is a need to understand how these feeding styles compare in different populations (Lloyd et al., 2014) . To fill this gap, the current study attempts to answer two primary research questions: (a) What kinds of factors are associated with the feeding styles of NMCs during infancy and (b) how do NMC feeding styles compare with those reported by mothers? To answer these questions, we used data from the Infant Care, Feeding and Risk of Obesity Project, a cohort study of African-American mothers and their infants in central North Carolina. African-American children are at higher risk of obesity throughout the life course compared with non-Hispanic White and Asian-American children Ogden et al., 2016) , and understanding how infant feeding occurs is one important step toward identifying ways to reduce this disparity.
| METHODS

| Study design and population
The Infant Care, Feeding and Risk of Obesity Project was a prospective cohort study of African-American mother-infant dyads conducted between 2003 and 2007 in Orange, Wake, and Durham counties in central North Carolina (Slining, Adair, Goldman, Borja, & Bentley, 2009; Thompson et al., 2013b; Wasser et al., 2011; Wasser et al., 2013) . This observational study was designed to assess household factors that influence infant feeding patterns, such as infant feeding styles and diet, and the risk of obesity. Healthy, first-time mothers aged 18 to 35 years who were pregnant or had healthy infants less than 3 months of age (n = 217) were recruited from local Special Supplemental Food Program for Women, Infants, and Children clinics.
Because some women were pregnant at the time of recruitment, age 35 was used as a cut point to exclude women who had a higher risk of delivering a baby with a congenital anomaly. Healthy mothers were identified as those who had no serious health problems requiring regular treatment and no history of substance abuse. Healthy infants were identified as those who completed at least 35 weeks of gestation, did not have a chronic or congenital illness, were not diagnosed with failure to thrive, and were not receiving medical treatment that might interfere with dietary intake or growth. The study consisted of in-home interviews conducted when infants were 3, 6, 9, 12, and 18 months old.
| Data collection
All study assessments were conducted face-to-face in the home by trained African-American interviewers. During each interview, NMCs were identified through a series of three questions. Mothers were asked how many times the infant was usually fed in a day. Fifty percent of that number was calculated, and mothers were asked if
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anyone other than herself was involved in feeding the infant at least that many times per day. If mothers answered yes, they were asked to identify how that person was related to the infant. school, high school degree, some college, and 4-year college degree or higher. Maternal and caregiver height and weight were collected using standard methods and are described in detail elsewhere (Barrett, Thompson, & Bentley, 2016) . NMCs' height and weight were collected during the first interview. These measurements were used to calculate BMI and BMI category (obesity categorized as BMI ≥ 30). Although it is also important to understand how age, race, and ethnicity may influence caregiver feeding styles, these measures were excluded due to incomplete data. Among the 71 participants for whom data were available, 66 (93%) self-identified as African-American or African-American and some other race.
| Infant anthropometrics
Infant anthropometric measurements were collected at each home visit with the infant's mother. Measurements were obtained using standard methods and are described in detail elsewhere (Barrett et al., 2016) . Infant weight-for-length z-scores (WLZ) were calculated using the Centers for Disease Control and Prevention and National
Center for Health Statistics growth reference (Ogden et al., 2002) because the sample consisted of predominantly nonbreastfed infants and for consistency with previously published papers (Slining et al., 2009; Thompson et al., 2013b 
| Infant temperament
Infant activity, fussiness, and soothability were included as measures of infant temperament given their associations with feeding (Wasser et al., 2011) and growth outcomes (Slining et al., 2009 ). Mothers and NMCs were asked to rate infant activity and fussiness on a Likert-type scale from 0 (not active/fussy at all) to 4 (excessively active/fussy) and soothability on a Likert-type scale from 1 (very easy to soothe) to 6
(extremely difficult to soothe).
| Infant feeding styles
Infant feeding styles were measured using the Infant Feeding Style
Questionnaire (Thompson et al., 2009) , which was administered orally to each caregiver during each interview. The Infant Feeding Style
Questionnaire measured five constructs and 13 subconstructs presented in Table 1 
| Statistical methods
Statistical analyses were conducted in STATA software (version 13.1; STATA Corporation, College Station, TX). Descriptive statistics examined variable distributions at each time point (3, 6, 9, 12, and 18 months). Cross-sectional differences in sample characteristics and infant feeding styles between mothers and NMCs were first compared using t tests and Chi-square tests for continuous and categorical variables, respectively. To answer the first research question, which characteristics are associated with NMC feeding styles, we tested for cross-sectional associations between sample characteristics and NMC infant feeding styles using t tests or one-way analysis of variance for categorical variables and Pearson's r for continuous variables.
Sample characteristics that were significantly associated with NMC infant feeding styles at the p < .05 level included caregiver sex, education, obesity status, living in the same household as the infant, infant age, infant WLZ, and ratings of fussiness and hard to soothe (results not shown). These variables were included in multivariable random effects models. Any breastfeeding was tested but did not predict NMC feeding styles and was excluded from the final models.
1 In North Carolina, childcare centres affiliated with some types of non-profit and religious organizations are not required to be regulated by the state. Because these centres are not required to adhere to the same child/teacher ratios and teacher education standards, they are categorized separately from state-regulated daycare providers and centres.
To answer the second research question, how did NMC and maternal feeding styles differ, multivariable random effects models assessed how NMC infant feeding styles compared with maternal infant feeding styles. These models controlled for caregiver education, caregiver marital status, caregiver obesity status, if the caregiver lived in the household, visit, infant WLZ, activity and fussiness ratings, and repeated measure by infant. Control variables were selected based on previous literature (Thompson, 2013; Wasser et al., 2011) or if the difference between mothers and NMCs differed at the p < .05 level of significance. Caregiver sex (male or female) was omitted for collinearity with being a member of the household. The margins command in STATA was used to estimate predicted feeding style scores by caregiver type and visit adjusted for covariates.
For all models, significance is reported at p < .05. Because of the small sample size, the most parsimonious longitudinal models were selected based on the significance of bivariate assessments of covariates. Results should be considered exploratory for this small sample.
| Ethics approval
The study and current analyses were approved by the School of Public Health Institutional Review Board at the University of North Carolina at Chapel Hill. Written informed consent was obtained in-person from all participants. Data were de-identified prior to analysis.
| RESULTS
Sample characteristics for mothers, NMCs, and infants are presented in Table 2 . The most frequent type of NMC was grandparents (39%), including one grandfather and nine great-grandmothers. The remaining NMCs were distributed among fathers (19%), daycare providers (24%), and other caregivers (17%). Collectively, NMCs were generally older than mothers, had higher levels of education (the majority had some college or a college degree), and were more likely to be married or cohabiting with a partner. At 6 and 9 months, there were also significant differences between mothers and NMCs in their ratings of infant temperament, with NMCs generally rating infants as less active or less fussy. There were no significant differences in maternal age, education, marital status, or obesity between mothers who included an NMC in the study and those who did not (Table S1 ). The average age of fathers was 23 years, grandparents 54 years, daycare providers 36 years, and other caregivers 43 years (Table S2 ). More than half of grandparents and daycare providers were obese. Table S3 describes the number of NMCs who were identified at each time point and the percentage who participated in a visit.
Several caregiver characteristics were significantly associated with feeding style subconstructs when adjusted for covariates (Table 3) .
These included being a male caregiver (higher laissez faire attention, indulgent coax, and indulgent pamper), caregiver obesity (lower laissez faire attention and indulgent permissive), and being a member of the household (higher laissez faire attention). Caring for older infants predicted higher laissez faire-diet quality and lower pressure-soothe scores. There were several differences in NMC feeding styles associated with infant characteristics in adjusted models. NMCs reported lower responsive-attention scores when infants had higher WLZ scores and higher pressure-soothe, laissez faire-attention, and indulgent-soothe feeding styles when they rated infants at higher levels of fussiness.
When comparing feeding styles between mothers and NMCs, multiple feeding style subconstructs differed significantly at each visit (Table 2) . NMCs collectively reported lower pressure-cereal, laissez faire-attention, laissez faire-diet quality, indulgent-pamper, indulgentpermissive, and indulgent-soothe feeding style scores compared with mothers. They also reported higher restriction-amount, restriction-diet quality, and responsive-attention scores. The differences in restriction amount (β = 0.47; 95% CI [0.14, 0.81]), restriction-diet quality (Table S4 ).
There were also many significant differences between mothers and different types of NMCs in the adjusted models (see Table S4 for complete results (53) 25 (39) 20 (46) 14 (50) 18 (60) 10 ( Ever breastfed 148 (68) 34 (59) 41 (100) 28 (100) 29 (100) 15 (100) Still breastfeeding 6 (10)
4 (10) 3 (11) 1 (3) 1 (7) Early complementary feeding 167 (77) 46 (79) 32 (78) 24 (86) 24 (83) 12 ( Maternal and NMC characteristics Age (years)
22.6 ± 3.8 41.1 ± 15.3 22.0 ± 3.5 45.6 ± 16.4*** 22.8 ± 4.1 41.7 ± 13.9*** 23.4 ± 3.7 34.7 ± 13.2*** 24.7 ± 3.7 37.6 ± 13.2*** 26.8 ± 6.1 35.7 ± 17.1
Some college education or higher 20 (34) 37 ( (69) 25 (86) 7 (46) 12 (80) Married or cohabiting 14 (24) 21 (36) 8 (20) 15 (37) 6 (21) 10 (36) 8 (28) 11 (38) 6 (40) 5 (33) Obese (BMI
96 (44) 61 (56) 22 (38) 23 (40) 17 (41) 24 (59) 15 (54) 16 (57) 15 (52) 16 (55) 7 (47) 12 (80) Relationship to infant Father or step-father 23 (21) 10 (17) 7 (17) 8 (29) 7 (24) 4 (27)
22 (38) 18 (44) 11 (39) 8 (28) 4 (27) Daycare provider 23 (21) 8 (14) 10 (27) 4 (14) 9 (31) 4 (27) Other caregivers 21 (20) 10 (17) 6 (15) 5 (18) 5 (17) 3 (20) NMC lives in household 43 (40) 26 (45) 18 (44) 12 (43) 15 (52) 3 (20) NMC has children 96 (89) 55 (95) 40 (98) 28 (100) 24 (83) 12 ( 3.1 ± 0.9 3.9 ± 1.0** 3.7 ± 0.9 3.9 ± 0.8 3.7 ± 0.7 3.7 ± 0.8
Restriction-diet quality 2.9 ± 0.7 3.5 ± 0.8 3.3 ± 0.9 3.5 ± 0.7 2.6 ± 0.6 3.5 ± 1.0*** 2.7 ± 0.6 3.7 ± 0.8*** 2.7 ± 0.5 3.6 ± 0.7*** 2.8 ± 0.5 3.8 ± 0.8**
Responsive feeding style scores Responsive-attention 3.5 ± 0.8 3.8 ± 0.9 3.5 ± 1.1 3.9 ± 0.9* 3.2 ± 0. 
| DISCUSSION
In this study, we identified that several NMC and infant characteristics, such as caregiver sex, education, obesity status, living in the same household as the infant, and infant age, size, and temperament, were associated with NMC infant feeding styles. We also documented multiple differences in the infant feeding styles of NMCs and mothers.
NMCs tended to report lower laissez-faire and higher restriction feeding styles, and the differences among subconstructs varied by type of caregiver.
Several caregiver characteristics predicted NMC feeding styles.
Being a male caregiver predicted higher laissez faire-attention, indulgent-coax, and indulgent-pamper scores. The vast majority of male caregivers were fathers, and our findings are similar to reports from qualitative studies in which fathers have reported incentivizing consumption and rewarding with food (Khandpur, Charles, Blaine, Blake, & Davison, 2016; . Although less commonly reported than other feeding strategies, some fathers have stated they allow distractions such as watching TV during mealtimes (Khandpur, Charles, Blaine, et al., 2016) . Being a member of the household was associated with higher laissez faire-attention scores. This may be explained by the fact that household members excluded daycare centre providers, who were more likely to have received training in child development. Surprisingly, education was not associated with feeding styles in this study even though it is commonly associated with variations in feeding styles (Fisher & Birch, 1999b ; Hodges Table S2 . b All mothers enrolled at baseline (3-month visit), inclusive of mothers with and without a NMC enrolled in the study. This study found several differences between feeding styles reported by NMCs and mothers. Grandparents were the most common type of NMC, and they generally reported lower laissez faire-attention, laissez faire-diet quality, and indulgent-permissive scores compared with mothers. In other studies, some grandparents have been critical of parents for allowing children to snack before meals, not providing nutritionally balanced meals, and allowing inappropriate behaviour during mealtimes (Eli et al., 2016) . Grandparents also may be more attentive to nutrition than they were when raising their own children, especially as they learn more about nutrition through their own experiences living with chronic diseases such as diabetes and hypertension (Higgins & Murray, 2010) . Taken together, these findings may help explain why grandparents in this study are less laissez faire about infants' diet quality and attention during mealtime interactions. However, given the low Cronbach's alpha coefficient for laissez faire-diet quality, these specific results should be interpreted with caution. More than half of the grandparent caregivers in this study lived in multigenerational households with the infant (n = 24; 57%). Previous studies have found that grandparents who live in multigenerational households or are more involved in childcare tend to report feeding practices similar to parents and less indulgence compared with grandparents who spend less time with their grandchildren (Eli et al., 2016; Farrow, 2014; Higgins & Murray, 2010) .
In this cohort, fathers were more likely to report the use of food to modify infants' behaviour, as exhibited by higher pressure-soothe, indulgent-coax, and indulgent-pamper scores. These findings may be supported by qualitative work that has shown that fathers are likely to report incentivizing consumption at mealtimes, including rewarding children with foods they like (Khandpur, Charles, Blaine, et al., 2016) .
Fathers in this study were also more likely to report higher restriction and lower laissez faire-diet quality styles. The scant research that has food intake quantity and quality less than mothers, and others have reported that fathers exert more control-including restriction-during mealtimes (Khandpur et al., 2014) . In this study, fathers' reports of higher restriction and lower laissez faire-diet quality may reflect efforts to promote children's consumption of healthy foods. Concern that snacking reduces children's appetite and consumption of healthy foods may lead some fathers to pay closer attention to snacking behaviour specifically (Haycraft & Blissett, 2012) . Additionally, conflicts between fathers' and mothers' feeding practices, especially when it comes to nutrition, may lead to overcompensation by some fathers in an effort to reduce the intake of refined sugars or snack foods . More research needed to understand what may be driving these behaviours among fathers.
Daycare providers reported higher responsive-satiety and restriction-diet quality, and lower laissez faire-diet quality, laissez faireattention, and indulgent-coax scores compared with mothers. A study of daycare centres in the western United States found that most included adults at the table with young children during mealtime and mealtime interactions were an important part of childcare providers'
roles (Sigman-Grant, Christiansen, Branen, Fletcher, & Johnson, 2008) . A study of family daycare providers in New York found that providers reported a high sense of responsibility for feeding children and monitoring the nutritional quality of meals (Brann, 2010) . These reports may help to explain more attention paid to mealtime interactions and diet quality reported in this study. Additionally, most daycare providers had a higher than high school level of education (n = 21; 81%), and several reported training specifically in child development.
Therefore, they may have had more knowledge about how to soothe infants with things other than food, accounting for lower reported indulgent-coax feeding styles.
FIGURE 3 Predicted laissez faire-diet quality scores by caregiver
FIGURE 4 Predicted indulgent-coax scores by caregiver
Interesting changes over time were observed for all caregivers.
Among NMCs, lower pressure-soothe scores were associated with older infant age. Pressure-soothe feeding styles may decline over time as caregivers identify other ways to soothe infants. For example, fathers have reported that when using food to calm infants failed, they tried other strategies (Anderson, Nicklas, Spence, & Kavanagh, 2010) .
As new strategies are identified over time, they may be employed more readily than the use of food to modify behaviour. Pressure soothe was also associated with higher NMC ratings of infant fussiness. The use of food to modify "fussy" behaviour is a commonly reported strategy (Anderson et al., 2010; Heinig et al., 2006; Wasser et al., 2011) , which may help to explain higher pressure-soothe and higher indulgent-soothe scores among NMCs.
Based on the predicted scores, restriction-diet quality declined among mothers and NMCs once infants were eating solid foods more consistently. As infants started eating more solid foods, it is possible that caregivers became more concerned with practicality than providing an ideal diet. Parents of low-income families in rural Michigan reported inadequate time to plan and prepare nutritious meals and concerns of quantity over quality as barriers to providing healthy foods (Omar, Coleman, & Hoerr, 2001) . A multisited study in Europe also found that convenient options often were chosen over healthier food options for infants (Synnott et al., 2007) . A study among Danish mothers of 7-and 13-month-old infants found that health concerns shifted over time, particularly as other family priorities began to compete with infants' diet quality. Although the importance of healthy foods was uncontested, the salience of nutritional guidelines declined over time, and mothers become more tolerant of giving their children sugar-containing foods (Nielsen, Michaelsen, & Holm, 2013) .
Among mothers and NMCs, laissez faire-attention scores were predicted to be relatively steady until rising between the 12-and 18-month visits. It is possible that as children became more integrated in family meals, caregivers became more lenient about allowing activities such as watching television. Nielsen et al. (2013) found that by 13 months of age, Danish children were expected to participate more in family meals, and fewer special accommodations were made. In a U.S. study of ethnically diverse families, infant cues that guide feeding became less salient over the first year of life (Hodges, Hughes, Hopkinson, & Fisher, 2008) , which may help to explain our findings that less attention during mealtimes was predicted over time. Among NMCs, higher laissez faireattention scores were also associated with higher fussiness ratings.
Caregivers may have allowed more distractions such as television viewing or walking around during mealtimes in order to quiet infants perceived as fussy, a tactic that has been associated with mothers' perceptions of fussiness (Thompson, Adair, & Bentley, 2013a) . Predicted laissez faire-diet quality scores were lowest at the 6-and 18-month visits for all caregiver types. Caregivers may have been most attentive to what and how much food infants were eating as they began to eat solid foods more regularly and then shifted some focus away from infants as they became more comfortable with infants' ability to eat solid foods. Predicted scores at the 18-month visit may need to be interpreted with caution given the small sample size at that time point.
Indulgent-coax scores were predicted to rise steadily over time for mothers and NMCs. It is possible that as more food fussiness began to emerge, caregivers were more likely to rely on the instrumental use of food to ensure children ate enough, which would be consistent with the focus of nutritional quantity over quality among parents of low-income families in Michigan (Omar et al., 2001 ).
Among NMCs, lower responsive-attention scores were also associated with higher infant WLZ. Caregivers may perceive that larger infants need less encouragement to eat (Thompson et al., 2013b) , which is consistent with other work that found higher perceived infant size to be associated with lower reported monitoring by mothers (A. Brown & Lee, 2011) . Responsive and controlling feeding styles in this sample of NMCs were not associated with whether or not the infant was ever breastfed (results not shown), although there is evidence that longer breastfeeding duration is associated with more responsive and less controlling feeding styles among mothers (DiSantis, Fisher, Birch, Smiciklas-Wright, & Picciano, 2000) .
Given that few infants were still breastfeeding at the time the interviews were conducted, we were unable to test if longer breastfeeding duration may have influenced these feeding outcomes.
This study has some limitations. The small sample size and some incomplete data prevented the inclusion of important factors such as NMC race and ethnicity and duration of time infants spent in nonparental care. Participation rates also varied by NMC type and visit.
A few of the infant feeding style subconstructs had low Cronbach's alpha coefficients among grandparents (pressure soothe, laissez faire-diet quality) and daycare providers (indulgent permissive) and should be validated among these caregiver types in a larger sample size. Consequently, all findings should be considered exploratory, and future work should consider how best to engage different types of NMCs. Furthermore, "other caregivers" is a heterogeneous category, and we suggest caution in interpreting the results for this group of NMCs. For NMCs who lived in the same household as infants, we do not have a record of whether or not the infant's mother was present for the interview, which could influence response bias. Finally, future studies should use a validated infant temperament scale, such as the Infant Behavior Questionnaire-Revised (Rothbart, 1981) . Despite these limitations, the study has notable strengths. To our knowledge, it is one of the first studies to have measures of infant feeding styles for both mothers and multiple types of NMCs, allowing us to compare how mothers and other caregivers respond to the same infant and provides insight into the feeding styles infants are exposed to in different care settings. Furthermore, the longitudinal nature of the data enables us to investigate how infant feeding styles may change over time as infants continue to grow and develop.
| CONCLUSION
The results of this study demonstrate that there are differences between the way mothers and other parents and caregivers feed infants. Those differences are nuanced and may be influenced by both caregiver and infant characteristics. It is important to improve our understanding of both what influences those differences, especially among diverse populations, and how exposure to different feeding styles may shape children's growth and risk of obesity. The findings from this study highlight the importance of engaging all parents and caregivers in educational efforts to help caregivers build optimal feeding skills that will help to promote favourable feeding outcomes.
